Abstract -This review derronstrates the basic principles of rrodern high performance liquid chrauatography and highlights the developnnt and irst recent progress of this analytical and preparative separation technique in carotenoid research.
Introduction
The invention and introduction of a new analytical method or the improvement of an established one has always stimulated the expansion of scientific work, and resulted in increased knowledge. In carotenoid chemistry this has been well illustrated by Prof. Basic principles of HPLC HPLC is not a new type of chromatography; it is rather a new technology for the optimization of the kinetic effects, like zone-spreading due to diffusion, mass transfer (sorption-desorption kinetics), etc. that work a priori against a separation. These phenomena already have been known for a long time and were theoretically treated in the fundamental work of Martin and Synge (Ref. 4) , but technology to overcome them was lacking until the late sixties when stable HPLC systems were introduced. The first monograph concerning this topic appeared in 1971 (Ref. 5) , and the 1st International Symposium on Column Liquid Chromatography in 1973 (Ref. 6 ) convincingly demonstrated the state-of-the-art and the possibilities that this method offered. As a consequence of the 'non-equilibrium' theory (Ref. 7) , small ç3,05) uniform (preferably spherical) particles with controlled porosity (60A, 100A) are indispensable, otherwise the resulting high pressure drop makes a closed system necessary. Therefore, a high-pressure metering pump, injection device and an appropriate detector to monitor the elution are required. The result of this new technology is a high kinetic separation efficiency which can be numerically expressed by a HETP (height equivalent of a theoretical plate) of ca. twice the particle diameter (i.e. a minimum of 6z at the present time). In addition to adsorption chromatography (liquid-solid chromatography, LSC), chemically modified silica gels (bonded phase chromatography, BPC) offer the possibility to choose between different normal and reverse phase systems. This significantly enhances the thermodynamic selectivity of the method. Thus, also racemates can be resolved by using either optically active stationary (Ref. only columns with larger diameters need to be used and the flow-rate adjusted to maintain the same linear velocity (e.g. 250x4.6 mm, 1 ml/min.-'25Ox25(4O) mm, ca. 25(80) ml/min.), with the amount of sample to be injected being dependent on the initial resolution. Owing to its relative insensitivity to moisture and temperature, high sample capacity and shorter retention times, this adsorbent seems to represent a valuable compromise between the early approaches to fit classical basic adsorbents to HPLC (see Ref. 14 & 16) and microparticulate alumina. From sixteen compounds, the Japanese authors characterized ten (Z)-/3-carotenes, including the hitherto unknown 'sterically hindered' (7Z)-and (7,l3'-di-Z)-isomers and two thermo-cyclized products by UV/VIS-, 1H-and -3C-NMR spectra. Some of these structures were correlated with the provisional 'neo'-nomenclature suggested by Zechmeister (Ref. 37).
These illustrations convincingly show HPLC as a powerful analytical and preparative separation technique in carotenoid research. As a consequence, many routine analyses and quality controls, mainly in food chemistry, have been reported in the last few years. To quote them all would be beyond the subject of this brief summary. In his most recent review, Taylor (Ref. 21) lists many applications on actual and older chromatographic systems in the carotenoid, and, mainly in the retinoid field.
Detection and quantitation; recent applications Due to the intense colour of most carotenoids, detection in the visible is the best method. Although specific detection may be considered an advantage, it has hampered the general development of HPLC concerning quantitation, sensitivity and identification. Whereas quantitation requires both optimal resolution and accurate calibration with suitable standards, the latter problem can generally be overcome by a combination of chromatography and spectroscopy.
Especially in carotenoid analysis, where the obvious singularities of the different polyene chromophores involve particular difficulties, single wavelength detection results in loss of important information. Therefore, the introduction of variable wavelength and, later, stopped-flow wavelength scanning UV/ VIS-detectors represented a great facilitation (see Ref. 17 & 39) . The possibility to run chromatograms consecutively at different monitoring wavelengths, assign peaks on-line according to their spectra and to check the purity of a peak, significantly enhanced detection efficiency. A tremendous expansion of this concept has been due to the invention of diodearray detection systems. Being comparable to ca. 25Odifferent fixed-wavelength detectors, this fully computerized system permits simultaneous detection at several vavelengths, instantaneously and continuously memorizing spectra during a the evolution of a peak and offering convenient raw data handling after a chromatographic run (e.g. multi signal-, signal and spectra-, ratio of signals-, 3D-plots, derivative spectra, etc.). Thus, optimal qualitative and quantitative information revealing the bewildering complexity of a sample can be gathered with one single injection. Table 1 ) at least fourteen different compounds could be identified (Fig. 1) Similarly, several other rose species were examined and shown to vary qualitatively only slightly, but the relative amounts of their carotenoids differed (Fig. 2) impressively demonstrates the separation power of this technique. Due to the complexity of this fraction (the main carotenoid lutein already being removed) the identification of most of the compounds is still under investigation. Tables 1 & 2 proved to be the most valuable ones, and they may serve as a guideline for starting carotenoid analyses. Owing to both complexity of natural samples and predominance of some pigments which can cover minor, significant compounds, on-line full analyses over the whole range of polarity are hardly feasible. In spite of thorough searching for useful gradient systems, this aim could not be reached satisfactorily. A possibility to overcome this problem may be real on-line multidimensional chromatography. Nevertheless, the presented extrordinary advantages of modern HPLC (high efficiency, selectivity, speed and mildness) render it a powerful tool which should supersede classical chromatography also in carotenoid research.
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